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Only two of the epidermal tumors of man
unquestionably result from a virus infection—
warts and molluseum eontagiosum. Neither of
these contains a potent antigen. Antibodies to
warts, for instance, have not been demonstrated,
and until recently the situation for molluscum
contagiosum remained controversial; most
workers had failed to find humoral antibodies
(1, 2). Only Mitchell (3) observed complement
fixing antibodies; these were of low titer in three
patients. Using the technic of agar gel diffusion
we recently demonstrated humoral antibodies in
43 per cent of 21 infected subjects (4). In the
present investigation the gel diffusion studies
were expanded; an additional number of pa-
tients were tested, and antibody formation was
stimulated in laboratory animals. Also, the
fluorescent antibody method of Coons was used:
1) as an extremely sensitive indicator of the
presence of humoral antibody, and 2) to identify
the tissue localization of antigen.
The findings will be discussed in terms of their
relationship to the formation of specific tumor
antigens.
INVESTIGATIONS
Gel Diffusion Studies with Human Sera
Sera from 311 uninfected persons and 40
children t and adults infected with molluscum
contagiosum have been tested in agar gel as
previously outlined (4). Control subjects came
from: the Dermatology Clinic or the Cancer
Research Institute of the University of Cali-
fornia. Concentrated crude antigen was obtained
by lyophilization of pooled molluscum lesionst
(5). Similarly lyophilized and concentrated
normal human epidermis and wart tissue were
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used as control antigens. Precipitin bands usually
appeared within two days, but plates were kept
two weeks before being discarded as negative.
The results are shown in Table I.
These findings support and extend our earlier
observations. Control antigens gave consistently
negative results. Curiously only 2 of the 42
so-called false-positive reactors were healthy.
The vast majority of these (33) had internal
malignancy. The others had significant changes
in their serum proteins. The question of a cross-
reacting tumor antigen will be discussed.
The positive reactors in the infected group
were primarily children with a large number of
lesions. Adults with one to a few viral tumors of
long duration tended to be negative. Previously
we showed that sera of uninfeeted and unexposed
children did not react in this system (4). In the
present study we tested sera from 9 uninfected
persons who had repeated and intimate contact
with infected children; none gave a positive
result in agar diffusion. In 2 massively infected
children, cure of the disease resulted in reversion
to a serologically negative state within 6 months.
The precipitin bands that developed with
human sera, although distinctly visible, failed
to appear on photographic plates (4). We failed
also to enhance antibody production in 4 in-
fected subjects by four monthly subcutaneous
injections of crude antigen (20 mg. in saline).
Nevertheless, we encountered no difficulty in
obtaining antisera to molluscum contagiosum in
rabbits with injections of the same antigen
suspended in adjuvant.
Production of Antibodies to Molluscum
Contagiosum in Rabbits
Twenty mg. of lyophilized, pooled molluseum
lesions was added to 0.25 ml. of complete
Freund's adjuvant (Difeo) mixed with 0.25 ml. of
physiological saline. The emulsion was injected
intramuscularly into two sites in the thighs of
New Zealand white rabbits weighing 5 pounds.
One month later they were bled from the ear by
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the vacuum technic of Schocnholz (6) and booster
injections of 10 mg. antigen in saline given. With
repeated immunization, sera were obtained that
gave several positive bands in agar diffusion.
One of these corresponded exactly to that seen
with the infected human sera as indicated by a
reaction of identity. We interpret this to mean a
common antibody exists. The antisera usually
precipitated with antigen in dilutions of 1:2 or
1:4 but not 1:8. The bands could be photo-
TABLE I
% Positive Reactors by
the Gel Diffusion
Method
P value
Virus infected pa-
tients
C.R.I. patients
Dermatology pa-
tients
15/40 = 38%
33/237 = 14%
9/74 = 12%
<0.01
<0.01
graphed easily (Fig. 1). It was also possible to
titrate antigen activity. Six of the seven crude
antigen samples tested gave positive reactions
within the range of 4.5 mg./ml. to 45 mg./ml.
One of the other precipitin bands was recog-
nized as an antiglobulin antibody; globulin
evidently contaminates the crude antigen. No
anti-albumin or anti-keratin antibodies were
detected (Fig. 1).
Rabbit anti-sera to human skin were produced
in the same way with 20 mg. of lyophilized
curetted epidermis in complete Freund's ad-
juvant. Antibodies appeared to skin and to
globulin but not to moiluscum contagiosum.
Normal rabbit sera gave negative resuJts in all
tests.
Localization of Antigen in Tissue
The next procedure was to localize the antigen
in tissue by means of the double layer fluorescent
antibody technic of Coons (7—9). Fresh lesions
Fso. 1. AGAR DIFFUSION. Center well contains undiluted rabbit antimolluscurn serum. Surround-
ing wells contain: 1) molluscum antigen (5.5 mg./ml.); 2) lyophilized wart (40 mg/mI.); 3) keratin(30 mg./ml.); 4) molluscum antigen (5.5 mg./ml.); 5) lyophilized human epidermis (40 mg/nil.); 6)
kcratin (30 mg./ml.). The outer precipitin band (MC) occurred only with molluscum antigens. The
middle band (G) is due to antiglobulin antibodies. Note the reaction of identity (I). No anti-keratin
antibodies were detected.
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TABLE II
% Positive Reactors by
Pluoresceot Method
Infected patients
Uninfected patients
False positive reactors (gel
diffusion)
Immune rabbits
Normal or anti-skin rabbits..
16/18 = 89%
0/14 = 0%
0/15 = 0%4/4 = 100%0/5 = 0%
of molluscum contagiosum were frozen immedi-
ately after removal in sealed test tubes dipped
into carbon dioxide-isopropyl alcohol slush
(—75° C), and stored overnight in solid carbon
dioxide. Four micron thick sections were cut on a
cryostat, fixed briefly in acetone and hydrated
with phosphate buffer (pH 7.2). They were next
incubated with various test sera from humans or
rabbits and then, after washing in buffer, were
overlaid with fluorescein conjugated rabbit
anti-human or goat anti-rabbit globulin.* The
fluorescein conjugates were adsorbed three times
with cardiac powder and diluted 1:1 with phos-
pate buffer. A Zeiss fluorescence microscope was
used to examine the tissues. The most consistent
fluorescent staining occurred after incubation
for sixteen hours at 4° C.
The following fluorescence preparations with
suitable controls were made: 1) forty-seven
preparations with sera of 18 patients infected
with molluscum contagiosum (human immune
sera); 2) forty-one preparations with 29 normal
or false-positive (by agar diffusion) human sera;
3) twelve with rabbit anti-moluscum sera; and
4) five with normal or anti-skin rabbit sera.
The results (shown in Table II) were clear cut.
Specific fluorescent staining of viral inclusion
bodies occurred only with sera of infected pa-
tients and of rabbits injected with molluscum
antigen; false-positive sera did not adhere to the
inclusion bodies (Figs. 2—5). It was not possible,
in these preparations, to localize the antigen
responsible for the false-positive bands in agar
diffusion.
As measured by the fluorescence technic,
antigen did not appear in the tissues until visible
intracytoplasmic inclusions had formed. No
staining was detected in the basal layer nor did
nuclei fluoresce. In most instances the staining
* Obtained commercially at Microbiological
Associates, Inc., or produced by us according to a
modified formula of Coons (9).
within mollusoum bodies was particulate as if
one or several virus particles were coated. Oc-
casionally, however, the staining was diffuse,
suggesting that the viral particles were densely
packed or that a soluble factor had permeated
the infected cell (Fig. 4). Fluorescent staining
abruptly disappeared as the virus-laden cells
ascended above the granular layer (Figs. 2, 5).
In other words, at the surface of the tumor, where
the cells tend to stain basophilic (Fig. 2) and
take on a more intense Feulgen stain (10, 11),
the attraction for specific antibody was lost.
Frequently the keratin matrix in this area showed
non-specific fluorescence. It probably did not
quench or nonspecifically block out antibody
fluorescence, however, because: 1) cells squeezed
out of the tumor consistently failed to fluoresce,
and 2) careful microdissection, with histological
control, of the keratin layer from the rest of the
tumor revealed it was non-antigenic in agar
diffusion. In these preparations the body of the
tumor retained antigenic activity.
DISCUSSION
These findings indicate conclusively that pa-
tients infected with molluscum contagiosum
have circulating antibodies to the virus. The
antibody titers are low and apparently disappear
rapidly with healing. Persons continually ex-
posed to infected patients do not develop anti-
bodies; infection seems to be a requisite for
antibody synthesis under usual circumstances.
We failed to stimulate antibody formation in
man, but Mitchell (3) claimed to have increased
the complement fixating titer by antigen injec-
tions in one subject. In rabbits we succeeded in
causing antibody formation by injections of
antigen in adjuvant. The localization of these
antibodies to the viral inclusions by fluorescence
methods indicated their specificity. In addition,
the Coons technic allowed us to distinguish the
false-positive and specific precipitin reactions seen
in gel diffusion; no false-positive responses were
detected and the method had a sensitivity of
89 per cent. Comparison of Tables I and II
leaves no doubt that fluorescence microscopy is
the preferred method for demonstrating anti-
bodies to molluscum contagiosum. To date the
only other positive studies have been those of
Mitchell (3) with complement fixation (3/14 =
21%) and Chang and Weinstein (12) with
neutralizing antibodies (3/4 = 75%). The de-
velopment of tissue culture methods for cultivat -
ing the virus (12—14), no doubt, will allow for
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FIG. 2. Fluorescence photomicrograph of molluscum sections stained or incobated with: a) H & E—
Note that inclusions are eosinophilic up to the granular layer and then become basophilic; some of this
staining differential depends upon pH (10). b) Serum. of infected petient, washed and overlaid with fluo-
resccin-conjugated anti-human gammaglobulin. Inclusion bodies fluoresce brilliantly in the body of the
tumor, but not in the keratin layer. The keratin matrix fluoresces non-specifically. c) Serum of control
subject, overlaid with fiuorescein-conjugated anti-human globulin. None of the inclusion bodies fluo-
resce. The keratin matrix again fluoresces non-specifically. It is not, however, autofluorescent.
more accurate evaluation of these serologic copy. None was found in the basal layer or in
technics. nuclei. This distribution corresponds to the
Antigen was not detected in the tissue until pristine appearance of viroplasm in electron
inclusion bodies were visible by light micros- mierographs (14-16). But, as with other pox
-'I
IC
FIG. 3. Fluorescence photomicrograph of molluscum tissues incubated with: a) Serum of cancer pa-
tient that gave false-positive test in agar diffusion, washed and stained with fluorescein-labelled anti-
human globulin. Note the complete lack of specific fluorescence. b) Serum of infected patient, washed
and stained as above. Low power shows outline of molluscum lesion and specific fluorescence of inclu-
sion bodies.
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Fin. 4. High power fluorescence photomierograph of molluscum tissues incubated as before with:
a) Human immune serum, and h) control serum, washed and stained with fluorescein-labelled anti-human
gammaglobulin. In this instance, specific fluorescence of inclusions (a) was diffuse. Dark spaces are
nuclei.
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FIG. 5. Fluorescence photomicrograph of molluscum tissues treated exactly as above: a) Human im-
mune serum, and b) control serum. "a" clearly demoiistrates loss of specific fluorescence of inclusions as
they approach the surface. Fluorescence of keratin matrix is less apparent in these preparations.
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viruses (17), we have no idea how antigen relates
to virus formation. A singular fact is the ob-
servation that in the keratin layer, where the
virus is presumably mature and infective, an-
tigen can not be detected. Under the electron
microscope the viral particles in this area usually
have a double membrane and are compressed,
often brick-shape (14—16). They are thought to
contain a lipoprotein coat (14). Perhaps we are
dealing with a soluble antigen that diffuses
away with the advent of maturity. The vaccinia
antigens offer a pertinent analogy. Three vac-
cinial antigens have been delineated: a heat
stabile-heat labile substance (L.S.); a nucleo-
protein antigen (NP.); and a soluble hemag-
glutinating antigen (HA.) (18, 19). Of the three,
only the hemagglutinating antigen (H.A.) is
soluble. This lipoprotein substance (18, 20)
appears late after infective particles are seen,
and it rapidly spreads diffusely through the cyto-
plasm (19). It would be interesting to know
whether the H.A. antigen disappears before
mature viral particles are released from in-
fected cells.
Beyond the demonstration and localization of
molluscum antigen lies the problem of tumor
formation in general. Specific tumor antigens
have been isolated in many laboratories (21—23).
None, however, has been localized in human
tissue. Does the molluscum antigen represent a
guide for further study? Perhaps it alters normal
tissue and causes a type of autosensitization.
The vaccinial HA, antigen apparently derives
from an interaction of virus and infected cell
(20) and has nothing to do with infectivity (18).
We don't know whether the molluscum antigen
behaves in the same way, but the concept of an
antigen forming from tumor factor-host cell
interaction could explain the presence of cross-
reacting precipitins in the sera of some cancer
patients. The idea can be tested. Other explana-
tions, of course, exist and the point remains
subjudice.
SUMMARY
The methods of agar diffusion and fluorescence
microscopy were used to elucidate the following
immunologic facts about molluscum contagio-
sum:
1. Humoral antibodies by aqar diffusion in
38 per cent of infected patients and 13.5 per
cent of uninfected persons. Most of the false-
positive reactors in the control group had in-
ternal malignancies.
2. Antibody production could be induced in
rabbits by injection of crude molluscum antigen.
Reactions of identity occurred in agar gel with
human immune sera.
3. The responsible antigen was specifically
localized to the molluscum bodies in tissue by
the Coons technic of immunologic fluorescence
microscopy.
4. By fluorescence microscopy 89 per cent of
infected patients had demonstrable serum anti-
bodies. No false-positive reactions occurred.
Specific rabbit antisera localized in the same way
as did human antisera.
5. Antigen was not detected until visible
intracytoplasmic inclusions appeared. It was
absent in inclusions within the keratin layer.
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